Recently, a number of genes that are expressed specifically in the testis have been identified in rat and mouse. In 2002, 80 transcript induced in spermatogenesis (Tisp) genes with this specific expression were isolated in mice. In the human, however, the number of such genes isolated is much lower. The aim of this study therefore was the isolation of human genes specifically expressed in testis.
INTRODUCTION

S
PERMATOGENESIS IS THE process whereby male germ cells mature and undergo precisely timed structural and functional changes. It can be divided into three main stages. First, after many rounds of mitotic division, the spermatogonia enter meiosis and generate the primary spermatocytes; second, the primary spermatocytes undergo two consecutive meiotic divisions and produce four round spermatids; and finally, spermiogenesis, which consists of a series of complex morphogenetic events, occurs.
1,2 Spermatogenesis in testis is an excellent model system with which to study regulation of gene expression during cell differentiation. Previously, more than 100 cDNA fragments, which include several novel as well as previously identified genes with developmentally up-regulated expression in rat testis, were cloned using differential display method.
3,4 In a previous study, the 25 genes that are expressed in only male germ cells were identified by a systematic search for genes expressed in mouse spermatogonia but not in somatic tissues. 5 In addition, 153 cDNA fragments whose expression is dramatically up-regulated during mouse spermatogenesis, were isolated in 2002.
1 This last work was carried out using a novel variation of the subtractive hybridization technique, called stepwise subtraction, in which the subtraction process is systematically repeated in a stepwise manner. The isolated fragments produced were named transcript induced in spermiogenesis (TISP) genes. The transcription of 80 of these TISP genes is shown to be almost completely specific to the mouse testis by Northern blot hybridization. DNA sequence analysis revealed that approximately half the TISP genes were novel and uncharacterized genes. However, while numerous genes associated with spermatogenesis are known in mice, the application of this information to the human has been slow. 6 Previously, we isolated several human genes, synaptonemal complex protein 3 (SYCP3), ribonuclease inhibitor 2 (RNH2), stimulated by retinoic acid gene 8 (STRA8), spermatogenic cell-specific gene-1 (SPERGEN-1) and OPPO1, that are specifically expressed in the testis. [7] [8] [9] [10] [11] It was shown that the mutation of the human SYCP3 gene, in particular, causes human azoospermia by meiotic arrest. Asahikawa, Hokkaido, 078-8510, Japan. Email: toshim@asahikawa-med.ac.jp Received 30 June 2004; accepted 23 August 2004. It is also known that the mutations of the human DAZ (deleted in azoospermia), RBMY (for RNA-binding motif gene, Y chromosome) and USP9Y (also known as DFFRY) genes cause human azoospermia. [12] [13] [14] Previous studies have reported the cases of male infertility related to genetic syndromes associated with chromosomal abnormalities. In contrast, there are relatively few reports of specific gene defects resulting in disruptions of spermatogenesis and infertility in otherwise healthy men. In the mouse, more information on the mechanism of spermatogenesis is available than in the human. It is necessary therefore to obtain further information on spermatogenesis in the human and to isolate the relevant genes. In this present study, we tried to isolate those human TISP genes that are expressed specific to the human testis.
MATERIALS AND METHODS
Expression analysis of the human TISP gene family O F THE 80 TISP genes expressed in the testis, almost all isolated TISP cDNA were partial fragments. Therefore, we searched for the mouse full-length cDNA by homology search using the Genome database (NCBI, Bethesda, MD, USA) and then tried to find the human genome regions with homology to mouse TISP gene family at amino acid level with human genome database. Twenty-eight of the 80 mouse TISP cDNA could be found with homologous regions in the human. Thus, we made primers within the human homologous regions. PCR were carried out with various adult human cDNA libraries as templates, using the Advantage 2 PCR Enzyme System (Clontech, Palo Alto, CA, USA). The analyzed human cDNA libraries were: spleen, thymus, prostate, testis, ovary, small intestine, colon, leukocytes, heart, brain, lung, liver, kidney, pancreas and placenta (Clontech). All PCR were performed according to the manufacture's protocol. The first PCR were performed as follows: initial denaturation at 95°C for 150 s, followed by 32 cycles of denaturation at 95°C for 15 s, and then annealing and extension at 68°C for 90 s. Some were performed as nested-PCR reactions using 10 × dilution of the first PCR products as templates. All nested PCR reactions were carried out with the same conditions as first PCR, except the number of cycles was 15. The following cDNA were carried out as only first PCR reactions :  TISP2, TISP21, TISP24, TISP25, TISP32, TISP33, TISP34,  TISP36, TISP41, TISP42, TISP45, TISP59, TISP66, TISP74,  TISP79, TISP7, TISP15, TISP16, TISP26, TISP27 and   TISP31. The following cDNA were carried out as nested  PCR reactions: TISP4, TISP17, TISP20, TISP39, TISP63,  TISP43 , and TISP50.
Isolation of the human TISP50, TISP15 and TISP43 cDNA
The mouse Tisp50 cDNA was isolated in 2002 (AB067773 in GenBank).
1 However, the isolated Tisp50 cDNA is actually partial cDNA. Thus, by searching GenBank for the homology, we found that the mouse Tisp50 is identical to the mouse Shippo1 (AB067773 in GenBank).
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Using the mouse SHIPPO1 amino acid sequences, we found the region with homology at amino acid level in human genome sequences (AC131930.1 in GenBank). The primers encompassing introns, TISP50F1, TISP50F2, TISP50R1, and TISP50R2 were made using the homology. The oligonucleotides used were the following: TISP50F1; 5′-TGACGGAGGAGGTATGGATG-3′, TISP50F2; 5′-CCC-ATCATGGCCCTCTACAG-3′, TISP50R1; 5′-CTTGAGGG-TCTTGTCCCCTG-3′ and TISP50R2; 5′-TTGAACTTGGT-CACCCGCAC-3′. First, PCR was performed using a human testis cDNA library (Clontech) as a template with TISP50F1/ TISP50R1 primer set. Nested PCR was carried out using the TISP50F2/TISP50R2 primer set. All PCR reactions for isolating the human TISP cDNA were carried out under the same conditions. First PCR was carried out as follows: initial denaturation at 95°C for 150 s, followed by 32 cycles of denaturation at 95°C for 15 s and then annealing and extension at 68°C for 90 s. Nested-PCR reaction used 10 × dilution of the first PCR products as template and all nested PCR reactions were carried out under the same conditions as first PCR, except the number of cycles was 20. The nested-PCR product was subcloned into a T-Easy vector (Promega, Madison, WI, USA) and representative clones were sequenced. 5′RACE and 3′RACE were carried out with the primers, 5RACE1TISP50, 5RACE2TISP50, 3RACE1TISP50, 3RACE2TISP50, AP1 (Clontech) and AP2 (Clontech). The oligonucleotides used were: 5RACE1TISP50; 5′-GCCCCAGGATGGAGTAGGCAGGGCCAAG-3′ and 5RACE2TISP50; 5′-AAGCTGTAGGCCGGTGCACGCAG-CTTGG-3′ and 3RACE1TISP50; 5′-GCAGCCCTGGACC-CAAGTACCTGATTCC-3′ and 3RACE2TISP50; 5′-CGT-GTTCGACTCAGCACCCAGCCACTCC-3′. First PCR was carried out with 5RACE1TISP50/AP1 primer set, and nested-PCR was carried out using 10 × dilution of the first PCR products as template with 5RACE2TISP50/AP2 primer set. First PCR was carried out with 3RACE1TISP50/ AP1 primer set, and nested PCR was carried out with 3RACE2TISP50/AP2 primer set with the same conditions
